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SWEET  SORGHUM  GROWING  IN  SOUTHERN  CALIFORNIA 
Charles  Price  and  I.  E.  Stokes:!/ 


Sweet  sorghum,  a  relatively  new  crop  in  southern  California,  is 
especially  valuable  to  the  farmers  there  who  plant  restricted  acreages 
or  who  have  livestock  to  feed.    Livestock  feeding  is  an  important 
industry  in  the  Imperial  Valley,  where  sorghum  is  grown  as  a  forage  crop. 
As  forage,  sweet  sorghum  is  used  chiefly  as  fodder  (placed  in  pit  silos 
and  later  fed  to  cattle  in  feedlots);  occasionally  the  crop  is  pastured. 

Sweet  sorghum  is  potentially  valuable  for  sugar  production,  and  is 
being  considered  as  a  source  of  sugar  by  sugar  companies  in  California, 
The  U.  S.  Department  of  Agriculture  conducted  an  extensive  research 
program  from  19^2  to  1945  "to  study  the  possibilities  of  sweet  sorghum 
for  sugar  production  in  some  of  the  major  sugar-beet-growing  areas.  These 
tests  showed  that  the  old  established  varieties  were  not  adequate.  The 
yield  per  acre  was  satisfactory,  but  the  quality  of  juice  (sugar  content) 
was  unsatisfactory.    The  most  promising  of  these  tests  were  in  the  Imperial 
Valley  of  California. 

A  breeding  program  was  accordingly  initiated  in  1946  to  produce 
varieties  of  sweet  sorghum  that  were  adapted  to  the  Imperial  Valley  of 
California  and  possessed  lodging  resistance,  high  sucrose  content,  and 
high  purity.    Hundreds  of  varieties  from  other  countries  and  from  different 
sections  of  the  United  States  were  studied  to  determine  their  adaptability 
to  the  area.    Hybridization  of  the  best  varieties  resulted  in  hundreds  of 
new  selections  for  testing  in  the  Imperial  Valley.    The  new  variety  Brawley, 
released  for  commercial  production  in  1958,  resulted  from  this  research. 

The  variety  tests,  in  connection  with  the  breeding  program,  were 
carried  out  in  the  Imperial  Valley  in  cooperation  with  the  Holly  Sugar 
Corporation  and  the  Southwestern  Irrigation  Field  Station  at  Brawley, 
Calif.,  the  University  of  California  at  the  University's  experiment  station 
at  El  Centro,  Calif.,  and  the  U.  S.  Cotton  Field  Station  (a  station  for 
cooperative  work  between  the  Agricultural  Research  Service  and  the  Univer- 
sity of  California)  at  Shafter,  Calif.    Tests  at  Riverside,  Calif.,  were 
conducted  at  the  University  of  California  Citrus  Experiment  Station.  The 
tests  at  these  several  places  consisted  of  small,  unreplicated  plots, 
replicated  plots,  and  strips  through  the  field  to  measure  yields,  sugar 
content,  lodging  resistance,  and  other  attributes  of  the  new  varieties 
when  grown  in  large  quantities. 


1/  Research  Agronomists,  Crops  Research  Division,  Agricultural  Research 
Service,  U.  S.  Department  of  Agriculture. 


Soil  Requirements  and  Method  of  Planting 

Sweet  sorghum  can  be  grown  on  many  kinds  of  soil,  but,  like  other 
crops,  it  does  best  in  well-drained  fertile  soil.    Poorly  drained  soil 
presents  salinity  problems,  especially  if  salty  water  is  used  for  irri- 
gatione     In  some  areas  in  California,  accumulation  of  salt  in  the  soil 
is  sufficiently  high  that  germination  of  seed  is  inhibited  and  young 
plants  are  injured.    The  tolerance  of  sweet  sorghum  to  salt,  however, 
appears  to  be  relatively  high  after  the  plants  become  well  established. 
The  conventional  type  of  bed  illustrated  in  Figure  1,  commonly  used  for 
sugar  beet  and  vegetable  production,  is  not  desirable  for  planting  sweet 
sorghum  seed  when  the  soil  is  a  heavy,  poorly  drained  type  high  in  salt 
content.    The  beds  are  prepared  so  that  the  centers  of  the  irrigation 
furrows  are  Z{0  inches  apart;  2  rows  li|  inches  apart  are  planted  on  each 
bed.    Another  type  of  bed  (Figure  2)  is  prepared  so  that  the  centers  are 
from  30  to  l\0  inches  apart  with  1  row  planted  on  each  bed.     In  the 
single-row  bed  the  seed  are  planted  in  a  furrow  made  with  a  cultivator 
plow  mounted  ahead  of  the  planter  shoe.    This  is  an  improvement  over  the 
conventional  bed  because  the  concentration  of  salt  in  the  immediate 
vicinity  of  the  seed  is  lower  than  when  it  is  planted  on  top  of  a  high 
bed,  and  germination  of  the  seed  is  not  inhibited. 


Figure  1.    Experimental  plot  of  sweet  sorghum  near  Bl  Centro,  Calif. 
Seed  were  planted  in  dry  soil  on  high  beds.     Irrigation  water  was  applied 
for  germination,  but,  a  high  concentration  of  salt  in  the  foreground  area 
prevented  germination.    A  successful  stand  grew  where  the  concentration 
of  salt  was  much  lower  (background). 
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Figure  2.    A  field  of  sweet  sorghum  illustrating  a  method  of  planting  in 
which  seed  were  placed  in  dry  soil  in  a  groove  in  the  middle  of  the  bed. 
Following  irrigation,  the  salt  concentration  on  each  side  of  the  planted 
seed  is  high,  as  indicated  by  the  two  white  lines,  while  the  salt  concen- 
tration is  lower  in  the  bottom  of  the  groove  where  the  seed  are  planted. 


In  light  soils  in  the  southern  San  Joaquin  Valley  of  California, 
another  method  of  planting  seed  of  sweet  sorghum  proved  successful 
(Figure  3 ) «    The  soil  was  preirrigated  by  flooding;  and  as  the  lighter 
soil  has  a  tendency  to  dry  out,  the  seed  were  planted  a  little  deeper 
than  normal  in  a  furrow  made  by  a  small  shovel  plow  mounted  ahead  of  the 
planter  shoe.     The  seed  germinated  without  additional  irrigation.  Sweet 
sorghum  tends  to  lodge  when  it  is  planted  on  beds  in  light  soil;  but  with 
this  type  of  planting,  no  beds  are  formed  prior  to  planting.     During  culti- 
vations, soil  is  thrown  toward  the  plants  to  form  furrows  for  irrigation. 
Lodging  is  minimized  with  this  type  of  planting  because  the  soil  thrown 
against  the  plants  with  each  cultivation  tends  to  support  the  stalks. 

Under  average  seasonal  conditions,  the  different  operations  in 
fitting  the  seedbed  for  sweet  sorghum  are  the  same  as  for  other  crops „ 
However,  the  soil  type,  concentration  of  salt,  fertilization,  and  other 
factors  influence  the  method  of  seedbed  preparation.    Bed  planting  of 
most  cultivated  crops,  including  sweet  sorghum,  is  preferred  to  the  flat 
planting  method  under  irrigation,  principally  because  water  is  distributed 
evenly  and  more  easily;  also,  it  permits  irrigation  for  seed  germination. 
Under  some  conditions  it  may  be  more  advantageous  to  irrigate  the  land 
before  planting  and  form  the  irrigation  furrows  by  throwing  the  soil  to 
the  plants  than  to  form  the  beds  prior  to  planting. 
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Figure  3°    Sweet  sorghum  from  seed  planted  in  the  bottom  of  grooves  made 
on  unbedded  ground.    The  grooves  were  made  with  a  small  shovel  plow 
mounted  in  front  of  the  planter  shoe. 


Row  Width  and  Spacing  of  Plants  in  the  Row 

The  basic  consideration  in  the  distribution  of  plants  is  the  volume 
of  soil  from  which  the  plants  absorb  water  and  nutrients.     It  is  obvious 
that  plant  spacing  within  the  row  can  be  somewhat  closer  in  wide  rows 
than  in  narrow  ones»     It  is  not  possible  with  present  information  to  make 
a  definite  recommendation  for  spacing  plants  for  all  of  the  conditions 
under  which  sweet  sorghum  is  grown.    Although  the  land  is  not  working  to 
full  capacity  with  unnecessarily  wide  spacing,  experimental  results  show 
that  a  reasonably  wide  range  of  row  spacings  can  be  used  to  meet  the 
individual  farming  practice  without  reducing  yield. 

A  spacing  test  was  conducted  with  the  sweet  sorghum  variety  Brawley, 
in  which  rows  were  I\0  inches  apart;  plants  were  unthinned  in  some  rows, 
and  in  others  were  spaced  2,  4»  6,  and  8  inches  apart.    Yields  of  stripped 
stalks  of  the  unthinned  and  spaced  plants  were  21.2,  20.6,  20.8,  19«1»  and 
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18.1  tons  per  acre,  respectively .    The  unthinned  plants  gave  the  highest 
yield  in  this  test;  however,  there  was  too  much  lodging.     Under  these  con- 
ditions, spacing  the  plants  was  desirable  even  with  a  slight  reduction  in 
yield.    The  sucrose  percentage  of  the  unthinned  and  the  2-,  /}-,  6-,  and 
8-inch  spaced  plants  were  16.02,  17«l8,  17-32,  17.88,  and  17-72,  respec- 
tively.   The  unthinned  plants  and  the  plants  spaced  2  inches  apart  were 
significantly  lower  in  sucrose  than  the  plants  of  the  4-»  6-,  and  8-inch 
spacings.    These  data  show  that  it  is  advisable  to  thin  the  plants  to  4, 
6,  or  8  inches  in  the  row  if  the  crop  is  grown  for  sugar  production. 

Fertilization 

The  kind  and  amount  of  fertilizer  to  apply  varies  with  local  soil 
conditions.    Fertilization  that  gives  the  highest  yield  may  not  return  the 
greatest  profit.    Too  much  nitrogen  applied  at  the  wrong  time  not  only  may 
be  a  waste  of  fertilizer  but  also  may  induce  lodging  and  reduce  sucrose 
content.    Lodging  presents  a  harvesting  problem  and  reduces  yields.     In  a 
test  at  the  University  of  California  Experiment  Station  at  El  Centro, 
nitrogen  was  applied  at  the  rates  of  0,  l\0,  80,  l60,  and  320  pounds  per 
acre  to  plants  spaced  6  inches  apart  in  Z|0-inch  rows,  following  a  uniform 
application  of  ^2^5  a*         rate  °f        pounds  per  acre  broadcast  before  the 
beds  were  prepared  for  planting.    The  nitrogen  fertilizer  was  applied  in 
2  applications  of  equal  amounts  as  a  side  dressing.    One-half  of  the 
fertilizer  was  applied  shortly  after  the  plants  were  thinned,  and  the 
remainder,  a  month  later.    Each  fertilizer  application  was  replicated  5 
times;  the  middle  2  rows  of  each  6-row  plot  were  harvested  for  yield  data. 
The  average  yield  of  stripped  stalks  from  the  5  replicated  plots  of  0-, 
40-,  80-,  l60-,  and  320-pound  applications  were  17.5,  19.3,  19*5,  19-5, 
and  20.5  tons,  respectively.    The  80-pound  application  of  nitrogen  per 
acre  was  the  most  economical  in  this  test. 

Varieties 

Variety  testing  during  the  past  few  years  has  included  new  foreign 
introductions  and  varieties  developed  by  State  experiment  stations  and 
the  Crops  Research  Division,  ARS.    These  tests  show  that  the  harvesting 
season  for  sweet  sorghum  does  not  need  to  overlap  that  for  sugar  beets • 
Sweet  sorghum  can  be  processed  for  sugar  during  the  off  season,  allowing 
an  effective  utilization  of  the  beet  sugar  factory  for  a  longer  period. 
These  tests  also  show  that  there  is  a  definite  climatic  requirement  for 
the  different  varieties  of  sweet  sorghum.    Some  varieties  mature  in  a 
relatively  short  time,  while  others  do  not  mature  even  during  the  long 
growing  season  of  the  Imperial  Valley.    The  early-maturing  types  will 
produce  two  crops  in  a  growing  season,  giving  high  yields  of  stalks  per 
acre,  of  high  sugar  content.    The  late-maturing  types  produce  a  high  yield 
of  stalks,  but  because  of  failure  to  mature,  they  are  less  valuable  for 
sugar  or  for  feed  purposes.    For  sugar  production  a  variety  must  produce 
a  high  yield  of  stalks  per  acre,  resist  lodging,  and  have  a  high  sucrose 
and  low  reducing-sugars  content  and  a  high  purity  of  the  juice.  Superi- 
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ority  of  Brawley  over  Rex  or  Tracy  was  noted,  especially  when  grown  for 
harvesting  twice  a  year.    Under  conditions  in  the  Imperial  Valley,  Brawley 
was  harvested  earlier  than  Rex  or  Tracy,  the  height  of  stalks  was  greater, 
the  total  yield  of  stalks  was  higher,  and  there  was  less  lodging. 

Lodging  of  sweet  sorghum  presents  an  important  harvesting  problem 
(Figure  1|)  •    Only  varieties  that  resist  lodging  are  acceptable  for  com- 
mercial production.    A  plot  of  Brawley  sweet  sorghum  approaching  maturity 
is  shown  in  Figure  5«    The  plants  are  over  10  feet  tall  and  the  stalks  are 
erect,  showing  no  indication  of  lodging.    Many  varieties  and  new  selections 
tested  at  the  Agricultural  Research  Service,  Southwestern  Irrigation  Field 
Station,  Brawley,  Calif.,  show  some  promise  for  forage  production. 

Time  of  Planting 

Sweet  sorghum  can  be  planted  in  the  Imperial  Valley  as  early  as 
March  1,  but  the  planting  date  should  be  governed  by  local  conditions. 
Good  germination  results  when  adequate  moisture  is  available  and  the 
temperature  of  the  soil  reaches  approximately  65°  F.    Sweet  sorghum  is 
very  sensitive  to  day  length;  some  varieties  have  failed  to  produce  flowers 
or  seed  at  Brawley,  Calif.,  but  some  early-maturing  varieties  such  as 
Brawley  produce  two  crops  in  a  single  season.    A  variety  that  fails  to 
mature  is  undesirable  for  sugar  or  forage  production.    The  sucrose  and 
feed  value  of  immature  varieties  are  low. 

Irrigation 

The  first  irrigation  should  be  soon  after  the  plants  are  established, 
and  it  should  be  heavy  enough  to  bring  the  soil  up  to  field  capacity  to 
a  good  depth.     Irrigations  in  the  later  stages  of  growth  should  be  frequent 
and  not  so  heavy.     If  the  crop  is  planted  on  beds,  a  very  heavy  irrigation 
near  the  time  of  maturity  may  cause  excessive  lodging  of  the  plants.  A 
small  head  of  water  and  short  runs  are  recommended.    Soil,  weather,  and 
crop  conditions  determine  the  amount  of  water  to  apply  each  time  and  the 
number  of  irrigations  required  by  the  crop.    Roughly,  the  crop  requires 
8  to  10  irrigations  during  the  growing  season.    For  sugar  production,  the 
timing  of  the  last  irrigation  is  important,  because  an  irrigation  close 
to  harvest  tends  to  lower  the  sucrose  content. 

Critical  experiments  should  be  conducted  with  the  sweet  sorghums 
high  in  sucrose  content  in  order  to  determine  the  relationship  of  irri- 
gation to  sugar  storage  in  the  plant. 

Irrigation  of  sweet  sorghum  for  forage  has  been  roughly  determined 
in  experimental  plots  in  the  Imperial  Valley.    For  maximum  yields,  irri- 
gations should  be  quite  heavy  in  narrow  rows  30  and  36  inches  apart  and 
somewhat  less  in  wide  rows  i|0  and  i\2  inches  apart. 


Figure  l\.    Lodging  of  sweet  sorghum,  shown  near  the  center  of  the  photo- 
graph, makes  harvesting  more  difficult  and  lowers  the  yield  and  sucrose 
content  of  the  stalks.    Lodging-resistant  varieties  of  sweet  sorghum  have 
been  developed  in  the  breeding  program. 


Figure  5.    Brawley  sweet  sorghum  more  than  10  feet  tall  with  no  indication 
of  lodging.    This  plot  was  planted  April  1.    The  first  cutting  was  made 
July  28;  the  second,  on  November  1. 
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Forage  Sorghums 

Forage  sorghums  are  gaining  in  popularity  as  a  source  of  livestock 
feed  in  the  Imperial  Valley,  particularly  for  ensilage.    The  pit  silo  is 
used  extensively  by  cattle  feeders  in  the  Imperial  Valley  for  silage 
storage  (Figures  6  and  7)»    This  type  of  silo  is  satisfactory  for  the 
desert  region,  where  rainfall  is  light,,    The  pit  silo  offers  an  inexpen- 
sive means  of  preserving  sweet  sorghum  for  later  use.    There  is  little 
spoilage  from  molding  on  the  sides  of  the  pit;  and  if  the  material  is 
packed  properly  with  a  heavy  track-type  tractor  and  covered  to  exclude 
the  air,  the  spoilage  is  kept  to  a  minimum,.    Forage  sorghum  varieties 
have  been  tested  extensively  by  George  F.  Worker—',  University  of 
California,  at  the  Imperial  Valley  Field  Station,  El  Centro.    He  has 
reported  yields  of  nearly  55  tons  per  acre  from  some  varieties  of  sweet 
sorghum  planted  in  late  March  and  cut  twice,  but  sometimes  grain  sorghum 
and  corn  yields  are  I\l  tons  and  20  tons  per  acre,  respectively.  The 
variety  Brawley,  because  of  its  early  maturity,  is  suitable  for  planting 
in  the  Imperial  Valley  for  two  crops  in  one  season. 


2/  Worker,  George  F.,  and  Dale  G.  Smaltzer.    Grain  and  forage  sorghums 
1957.    Field  Crop  Report  No.  5,  March  1958. 
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Figure  6„    Harvesting  sweet  sorghum  for  storage  in  a  pit  silo  for 
livestock  feed.    The  first  cutting  is  made  about  1  foot  above  the 
ground  level.    Tests  have  shown  that  the  second  cutting  will  be 
possible  sooner  when  the  plants  are  cut  approximately  1  foot  above 
the  ground  rather  than  at  ground  level. 


Figure  7.    Pit  silo  for  storage  of  sweet  sorghum.    The  pits  are  of 
different  sizes,  depending  upon  the  amount  of  fodder  stored.  The 
fodder  is  cut,  chopped,  and  hauled  from  the  field  in  dump  trucks. 
It  is  packed  thoroughly  by  means  of  a  heavy  track-type  tractor, 
and  covered  when  the  pit  is  full. 


